Abstract. This paper studies the nonterminal complexity of weakly conditional grammars, and it proves that every recursively enumerable language can be generated by a weak conditional grammar with no more than seven nonterminals. Moreover, it is shown that the number of nonterminals in weakly conditional grammars without erasing rules leads to an infinite hierarchy of families of languages generated by weakly conditional grammars.
Introduction
The medium-to heavy-mass Ytterbium (Y b) isotopes located in the rare-earth mass region are well-deformed nuclei that can be populated to very high spin.
Much experimental information on even-odd-mass of Y b isotopes has become more abundant [1] - [6] . For the heavier A = 174 to 178 nuclei [7] , previous work using deep inelastic reactions and Gammasphere have begun to reveal much information about the high-spin behavior of these neutron-rich Y b isotopes. The yrast states in the well deformed rare-earth region have been described by using the projected shell model [8] - [14] .
Prior to the present work the level structure of ground band state and lowlying excited states of even-even nuclei has been studied both theoretically and experimentally [15] , including the decay, Coulomb excitation and various transfer reactions.
In this study, two calculations for energy levels of 170,172,174,176 Y b isotopes have been done by using two different models phenomenological model (P hM ), and interacting boson model (IBM − 1). Positive parity state energies and the reduced probability of E2 transitions are calculated and compared with the available experimental data. The structure of excited levels is discussed.
Theoretical models
The calculations have been performed by using the phenomenological and interacting boson models. In the next subsection, we will explain these models.
Phenomenological model (P hM )
To analyze the properties of low-lying positive parity states in Y b isotopes, the P hM of [16, 17] is used. This model takes into account the mixing of states of the gr-, β-, γ-and K π = 1 + -band. The model Hamiltonian is chosen in the following form
here H rot (I 2 -is rotational part of Hamiltonian,
where ω K -bandhead energy of rotational band, ω rot (I)-is the rotational frequency of core, (j x ) K,K ′ -is the matrix elements which describe Coriolis mixture between rotational bands:
The eigenfunction of Hamiltonian model (1) has the form
is the amplitude of mixture of basis states. Solving the Schrödinger equation one can determine the eigenfunctions and eigenenergies of the positive parity states.
we can determined the eigenfunctions and eigenenergies of the positive-parity states.
The complete energy of a state is given by
The rotating-core energy E rot (I) is calculated by using the Harris parameterizations [18] of the energy and the angular momentum, that is
where  0 and  1 are the inertial parameters of the rotational core.
The rotational frequency of the core ω rot (I) is found by solving the cubic equation (7) . This equation has two imaginary roots and one real root. The real root is
where I = I(I + 1). Equation (8) gives ω rot (I) at the given spin I of the core.
Interacting boson model (IBM − 1)
The IBM has become one of the most intensively used nuclear models, due to its ability to describe the low-lying collective properties of nuclei across an entire major shell with a Hamiltonian. In the IBM − 1 the spectroscopies of lowlying collective properties of even-even nuclei are described in terms of a system of interacting s bosons (L = 0) and d bosons (L = 2). Furthermore, the model assumes that the structure of low-lying levels is dominated by excitations among the valence partials outside major closed shells. In the particle space the number of proton bosons N π and neutron bosons N ϑ is counted from the nearest closed shell, and the resulting total boson number is a strictly conserved quantity. The underlying structure of the six-dimensional unitary group SU (6) of the model leads to a Hamiltonian, capable of describing the three specific types of collective structures with classical geometrical analogues (vibrational [19] , rotational [20] , and γ-unstable [21] ) and also the transitional nuclei [22] 
where s † , d † and (s, d) are creation and annihilation operators for s and d
bosons, respectively.
The IBM − 1 Hamiltonian equation (9) can be written in general form as
The full Hamiltonian H contains six adjustable parameters, where ε = ε d −ε S is the boson energy and
The parameters a 0 , a 1 , a 2 , a 3 and a 4 designate the strength of the pairing, angular momentum, quadrupole, octupole and hexadecapole interaction between the bosons.
Result and Discussion
In this section, the calculated results can be discussed separately for low -lying states of even-even isotopes of Y b, with neutron number from 100 to 106. Our results include energy levels and the reduced probability of E2-transitions.
Energy levels
To describe the positive parity states in P hM , we determine the model parameters via the following procedure. In accordance with [24] , we suppose that, at low spins, the rotational core energy is the same as the energies of the ground band states.
Description of the parameters:
-the inertial parameters  0 and  1 of rotational core determined by (6) Table 1 .
Also, in the present work the rotational limit of the IBM −1 has been applied to in Hamiltonian. The explicit expression of Hamiltonian adopted in calculations is [23] .
In framework of the IBM − 1, the isotopic chains of Y b with Z = 70 nuclei, having a number of proton bosons holes 6, a number of neutron bosons particles varies from 9 to 11 for 170−174 Y b, and number of neutron boson hole for 176 Y b is 10. In Table 2 shown the coefficient values which we are using in IBM − 1.f or.
The Tables 3-7 , respectively. Finally, we believe that the failure to use pairing parameter was the cause of the disagreement between the IBM − 1 calculations and experimental data that will be discussed in future studies.
The Reduced probability of B(E2)-transitions
In the P hM , with the wave functions calculated by solving the Shrödinger eq.
(4), the reduced probabilities of E2-transitions between states I i K i and states [16, 17] as: 
here α2 and β2 are two parameters and β2 = χα2, α2 = e B (ef f ectivecharge).
The values of these parameters are presented in Table 3 . Then the B(E2) values are given by
For the calculations of the absolute B(E2) values two parameters α2 and β2 of equation (13) are adjusted according to the experimental B(E2; 2 Table 8 shows the values of the parameters α2 and β2, obtained in the present calculations. We present our calculated results of the reduced probability of E2-transitions of both models, and the comparison of calculated values of B(E2) transitions with experimental data [30] are given in Table 9 for all nuclei of interest. In general, most of the calculated results in both models are reasonably consistent with the available experimental data, except for few cases that deviate from the experimental data. As mentioned in Table 9 List of Table captions   Table 1 The used parameters of P hM to calculate energy of low excited states in Y b isotopes. Table 2 The used parameters of IBM − 1 to calculate energy of excited states in Y b isotopes. Table 3 The value of parameters obtained from T (E2) operator in program IBMT.for for calculate the absolute values of B(E2) in (in eb). Table 4 The energy levels of β 2 -band of Y b isotopes (in M eV ). Table 5 The energy levels of β 3 -band of Y b isotopes (in M eV ). Table 6 The energy levels of β 4 -band of Y b isotopes (in M eV ). Table 7 The energy levels of γ 2 -band of Y b isotopes (in M eV ). Table 8 The energy levels of 1 + -band of Y b isotopes (in M eV ). Table 9 The values of B(E2)-transitions isotopes of Y b (in W.u.). Table 1 . Note: (jx) K ′ ,K -are matrix elements of the Coriolis interactions and Q0-is intrinsic quadrupole moment of the nucleus (in f m 2 units) taken from [25] . Table 2 . with experimental data for Table 9 . 
